
Abstract- A bionic system is an artificial device, integrated into
natural human physiology by communicating with native
regulatory system. This can functionally operate as if it were a
part of the body. Bionic systems can be realized only with the
knowledge of detailed characteristics of native system. We
made use of “white-noise approach” and have succeeded in
functionally identifying the native arterial baroreflex. Using
thus identified characteristics, we developed a bionic
baroreflex system. Animal experiments in rats revealed that
the bionic baroreflex system can stabilize pressure against
hypotensive stimuli such as head-up tilt even without the native
baroreflex system.
Keywords- White noise approach, Transfer function, Bionic
baroreflex system*

I. INTRODUCTION

A bionic system is an artificial device, integrated into
natural human physiological systems  by communicating
with the native regulatory system, especially through the
nervous system. Bionic systems can functionally operate as
if they were a part of the body. These bionic systems open
up a new therapeutic strategy against various cardiovascular
diseases by restoring the lost function, or by modifying the
abnormally functioning regulatory system.

Besides the methods to interface with the nervous
system, development of bionic  systems requires  the
knowledge of detailed characteristics of native system.
Unlike artificial systems, native systems have a number of
factors contributing to the comple xity such as history-
dependence, feedback nature, multiplicity and interaction of
inputs, nonlinearity, and distributed nature. To overcome
these, we made use of “white-noise a pproach”  and have
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Fig. 1. Schema of bionic arterial baroreflex system.
In animals without functional baroreflex system, one can restore baroreflex

function by measuring blood pressure with micromanometer and by
stimulating celiac with the knowledge of system characteristics.

succeeded in functionally identifying the native arterial
baroreflex with the precision one can reproduce native
system artificially [1, 2, 3]. Using thus identified
characteristics, we developed a bionic baroreflex system
(Fig. 1) [4, 5] and examined if the bionic baroreflex system
can stabilize pressure against hypotensive stimuli even in
animals without functional baroreflex system.

II. METHODOLOGY

A. Functional identification with white-noise approach
In anesthetized rats with halothane, both carotid sinuses

were vascularly isolated. Aortic depressor nerves and vagal
nerves were cut bilaterally. We connected a high-fidelity
piston pump to control carotid sinus pressure (CSP) as
needed. We recorded CSP, cardiac sympathetic nerve
activity (SNA), and systemic arterial pressure (SAP)
simultaneously at sampling frequency of 100 Hz and
resolution of 12 bits for 20 minutes while randomly
perturbing sinus pressure. Nerve activity was quantified by
smoothing the fully rectified signals. These signals were
saved on hard disk for subsequent analysis. Transfer
function (Htotal) of total native baroreflex system was
obtained.

Similarly we recorded blood pressure while stimulating
sympathetic nerves at the celiac ganglia randomly. We
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obtained transfer function (Heffect) of the effector of native
baroreflex. This transfer function strikingly resembles that
from SNA and SAP obtained with CSP perturbation.

From these transfer functions, we calculated the dynamic
characteristics (Hbionic), by dividing Htotal by Heffect, that are
necessary for the bionic baroreflex system.

B. Functional replacement of baroreflex system with bionic
approach

We used the same preparation for examining the bionic
baroreflex performance as that described in the previous
section. Although both carotid sinuses were isolated,
pressure regulation under the operation of closed-loop
baroreflex can be simulated by equating the sinus pressure
to the systemic pressure with the piston pump . We abolished
the baroreflex by keeping the sinus pressure constant. The
bionic baroreflex was realized by stimulating the celiac
ganglia according to the stimulation command. The
stimulation command was calculated by convolving the
instantaneous sinus pressure with the impulse response of
the Hbionic. We examined the performance of bionic
baroreflex system by imposing head-up tilt on these rats.

III. RESULTS

A. Functional identification with white-noise approach
The left panel of Fig. 2 illustrates an example of time

course of random CSP perturbation and SAP changes in
response to CSP. Careful observation reveals that SAP
decreased when CSP increased though SAP was
unresponsive to rapid changes in CSP. Transfer function
Htotal showed low-pass characteristics with the corner
frequency of ~0.1 Hz. Transfer function Heffect similarly
showed low-pass characteristics. The resultant Hbionic showed

Fig. 2. An example of time course of random sinus pressure (CSP)
perturbation and changes in systemic arterial pressure (SAP)

 in response to CSP (left) and calculated transfer function necessary
 for the bionic baroreflex system (right). STM, stimulation frequency.

almost all-pass characteristics with some derivative property
in the high frequencies (Fig. 2, right).

B. Functional replacement of baroreflex system with bionic
approach

As shown in Fig. 3, systemic pressure decreases
dramatically in 10 seconds (52 ± 5 mmHg, n=16) by the
abrupt head-up tilt in rats with no functional baroreflex
system. When we activates the bionic baroreflex system,
thanks to the abrupt onset of celiac stimulation and increase
in stimulation frequency, pressure considerably recovered in
10 seconds and decreased significantly less (15 ± 6 mmHg).
The time course and the amplitude of the hypotension with a
bionic baroreflex were indistinguishable with a native one.

IV. DISCUSSION

Bionic medicine is a novel therapeutic strategy to treat
various diseases by intervening native physiological system
with bionic devices. Because the abnormality in
cardiovascular regulation contributes to the maintenance of
different cardiovascular diseases, this approach is likely to
have a large number of applications in cardiology.

We have shown in this study that the bionic approach is
feasible in treating orthostatic hypotension occurring as a
result of central baroreflex failure. This system became
possible with the detailed identification of the native system.
In identifying the system we avoided to cut the system into
pieces; we treated the system as a whole integrated one. This
is in contrast with recent reductionist approaches in
medicine and biology. We believe that this integrated
approach is essential in developing a number of novel
therapeutic devices to save patients suffering from various
diseases.

Fig. 3. Changes in systemic arterial pressure (SAP) before and after abrupt
head-up tilt (increase in angle) without functional baroreflex (baroreflex
failure) and with a bionic baroreflex. Changes in stimulation frequency

(STM) of celiac ganglion for a bionic baroreflex is also shown.
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V. CONCLUSION

By functionally identifying the arterial baroreflex system
and by replacing it with the bionic system, we succeeded in
reproducing the static as well as dynamic characteristics of
the native baroreflex by an artificial device. The bionic
medicine will pioneer the new therapeutic strategy not only
in cardiology but also in various fields of medicine
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